The photophysical properties of zinc phthalocyanine (ZnPC) and chloroaluminum phthalocyanine (AlPHCl) incorporated into liposomes of dimyristoyl phosphatidylcholine in the presence and absence of additives such as cholesterol or cardiolipin were studied by timeresolved fluorescence, laser flash photolysis and steady-state techniques. The absorbance of the drugs changed linearly with drug concentration, at least up to 5.0 µM in homogeneous and heterogeneous media, indicating that aggregation did not occur in these media within this concentration range. The incorporation of the drugs into liposomes increases the dimerization constant by one order of magni-
Introduction
Photodynamic therapy (PDT) of cancer is a noninvasive treatment of small and superficial tumors that is currently being used in a number of countries (1) . The therapy is based on the systemic administration of a tumor-localizing photosensitizer followed by illumination with light of appropriate wavelength. The resulting photodynamic reactions give rise to singlet oxygen ( 1 O 2 ) and to other active oxygen species that lead to tumor destruction (1) . The efficiency of PDT depends on the development of new drugs and the ability of these drugs to accumulate selectively in tumor tissues in comparison with normal tissues. Several new classes of photosensitizers for PDT have reached the stage of clinical trials during the past few years (2) . Among the more promising second-generation photosensitizers are phthalocyanines ( Figure 1 ). There has been considerable interest in phthalocyanines for use in PDT, mainly because of their high absorbance coefficient (at 650-680 nm), with optimal tissue penetration by light (3) . The photophysical properties of phthalocyanines are strongly dependent on the central metal ion. Among the metal phthalocyanines, Zn (II) and Al (III) complexes (zinc phthalocyanine, ZnPC, and chloroaluminum phthalocyanine, AlPHCl) present the most favorable photophysical properties for application in PDT (4), i.e., relatively long-lived excited singlet states (ca. 3-8 ns) and longlived triplet states that are produced in high quantum yields (5) .
Unfortunately, these phthalocyanines (ZnPC and AlPHCl) are insoluble in water or biologically compatible solvents. Thus, they must be administered in vivo by means of delivery systems (6) . The transport of porphyrins in the bloodstream via liposomes has been shown to provide a larger and more selective accumulation of the drugs in neoplastic tissues (7) , a fact that is a basic requirement for PDT. Their association with serum proteins can also enhance the preferential uptake of hydrophobic photosensitizers by tumor tissues, since serum albumin is one of the key components in blood that influences drug distribution. Since the intrinsic fluorescence of proteins is usually quenched upon the binding of tetrapyrrolic compounds (8) , this spectroscopic behavior provides a means to study the interaction between these drugs and bovine serum albumin (BSA), permitting the determination of the binding constant, K b , and of the binding stoichiometry of the complex formed (9) .
Nevertheless, phthalocyanines are prone to self-aggregation. The deviation from linear Beer-Lambert behavior for these drugs in solution caused by dimer formation is normally more pronounced in water than in organic solvents. Dimers are reported to be inactive or much more inefficient than monomers as photosensitizers (10) . Unfortunately, phthalocyanines have been reported to display a strong tendency to form dimers in water as a result of the large hydrophobic skeleton avoiding contact with the aqueous medium (11), leading to the dimerization process and affecting their photophysical and photosensitizing properties and photodynamic action (12) . Aggregation was found to reduce the sensitizing ability of phthalocyanines in electron transfer reactions and in O 2 ( 1 ∆ g ) photoproduction (13) . Since incorporation of photosensitizers into liposomes (used as a drug delivery system) results in a high local concentration, information about the behavior of these drugs in these media is important for the understanding of their action in biological media.
In the present investigation we studied the aggregation parameters of ZnPC and AlPHCl in order to accurately determine the photophysical properties of these drugs. The predominant positions of these phthalocyanines in dimyristoyl phosphatidylcholine (DMPC) liposomes are analyzed, as well as the triplet state lifetime and the binding of these exogenous drugs with BSA.
Material and Methods

Reagents
ZnPC, AlPHCl, methylviologen (MV 2+ ), 9,10-anthraquinone-2-sulfonate (AQS -, sodium salt), and 9,10-anthraquinone-2,6-disulfonate (AQDS 2-, disodium salt) were purchased from Aldrich Chemical Company Inc. (Milwaukee, WI, USA) and used without further purification. DMPC, cardiolipin, cholesterol, and phosphate-buffered saline (PBS) were obtained from Sigma (St. Louis, MO, USA). All other chemicals were commercially available reagents of at least analytical grade.
All experiments were carried out with a phthalocyanine concentration of 5.0 µM. Stock solutions of ZnPC and AlPHCl (1.0 mM) were routinely prepared in ethanol and DMSO, respectively, and stored in the dark at 4ºC (ZnPC was dissolved in 0.1% pyridine in ethanol, v/v). The concentrations of the phthalocyanines were estimated spectrophotometrically using ε 678 = 2.93 x 10 5 M -1 cm -1 for AlPHCl in DMSO and liposomes and ε 673 = 2.41 x 10 5 M -1 cm -1 for ZnPC in ethanol and liposomes. Stock solutions of MV 2+ (0.3 M, ε = 20,500 M -1 cm -1 at 257 nm) and AQDS 2-(17 mM, ε = 6760 M -1 cm -1 at 328 nm) in water were stored in the dark at -15ºC. Stock solutions of AQS -(17 mM, ε = 5450 M -1 cm -1 at 330 nm) in water were stored in the dark at room temperature. The values of the extinction coefficients were obtained from the literature (14) .
Liposome preparation
Small unilamellar liposomes of 0.7 mM DMPC were prepared on the basis of the injection method of Kremer et al. (15) . Typically, 0.380 ml of an ethanolic solution, which was 9.21 mM in DMPC and 66 µM in ZnPC or AlPHCl, was injected with a syringe into 5 ml PBS, pH 7.4. The injection was performed at 46ºC under magnetic stirring and at a rate of 1 µl/s. Mixed liposomes were prepared by adding ethanolic solutions of cholesterol (50% DMPC, w/w) or cardiolipin (30% DMPC, w/w) to the ethanolic solution.
Steady-state spectroscopic measurements
Absorbance spectra were recorded with a Hitachi U-3000 spectrophotometer and fluorescence spectra were recorded with a Hitachi F-4500 spectrofluorometer. ZnPC and AlPHCl solutions were excited at 600 nm wavelength and their fluorescence emission was recorded in the 600-800 nm range. All measurements were made at 25 ± 2ºC. Bandwidths were fixed at 5 nm for excitation and emission.
Determination of the dimerization equilibrium constants
In order to investigate the aggregation state of a phthalocyanine solution and to determine the equilibrium dimerization constant (K D ), the absorbance spectra of a series of phthalocyanine solutions were monitored with increasing phthalocyanine concentrations. K D for ZnPC and AlPHCl were studied in the following medium: a) organic solution (DMSO for AlPHCl and pyridine for ZnPC), and b) DMPC liposomal medium for both. The absorbance of a solution containing both the monomer and the dimer is given by
where ε M and ε D are the extinction coefficients of the monomer and the dimer, respectively, and l the optical path length.
Rearrangement of the above equations leads to (Eq. 6) where C is the total concentration of the photosensitizer (monomer and dimer), ε M and ε D are the extinction coefficients of the monomer and dimer, respectively, and l is the optical path length. K D was determined by means of Equation 6 (16) .
The plot of absorbance as a function of total drug concentration (C) according to Equation 6 was used to evaluate the proposed scheme. The values of K D , ε M and ε D were computed by nonlinear regression based on the Lavenberg-Marquardt algorithm (16) using the Igor software. An estimated value of ε M was obtained from measurements in organic solutions within the concentration range in which the Beer-Lambert law holds for each drug. The value of ε M , determined independently, was fixed in Equation 6 and the absorbance data were fitted (allowed to vary) to obtain ε D and K D by a nonlinear least square procedure (16) .
Fluorescence quenching studies
The quenching of the fluorescence emission by ZnPC and AlPHCl incorporated into unilamellar liposomes of DMPC in the presence and absence of additives (cholesterol or cardiolipin) was studied using MV 2+ , AQDS 2 
Interaction of ZnPC and AlPHCl with bovine serum albumin in organic and liposomal medium
The interaction of the phthalocyanines ZnPC and AlPHCl with BSA was studied spectrofluorometrically at 25ºC by the "double logarithmic plot" (18) . For each drug tested, two sets of experiments were performed. In the first, solutions of phthalocyanines at low concentration in PBS were titrated with increasing BSA concentrations in order to determine maximum quenching, F ∞ . The relative fluorescence intensities of BSA saturated with phthalocyanines, F ∞ , were extrapolated from the experimental data by plotting 1/(F 0 -F) against 1/[P], where F is the measured fluorescence of a solution containing the protein and the phthalocyanine, F 0 is the fluorescence of a solution of protein alone, and [P] is the phthalocyanine concentration. In the second, a protein system held at constant concentration (absorbance at an excitation wavelength of no more than 0.05) was titrated with small aliquots of concentrated phthalocyanine solutions. In both ex-periments, the total dilution was kept below 2%. The fluorescence of BSA was excited at 280 nm and recorded between 300 and 450 nm, with excitation and emission bandpasses of 5 nm. Fluorescence data were treated according to the methods of Lehrer and Fashman (19) 
Triplet state measurements
All measurements were made using ZnPC and AlPHCl (5.0 µM) in organic medium (pyridine and DMSO, respectively), and liposomal medium in the presence and absence of the additives cholesterol and cardiolipin. Triplet state was investigated using a laser flash photolysis apparatus which allows the simultaneous capture of the transient absorbance spectrum and of the transient kinetics at a single wavelength. The system uses an Nd-YAG laser as the excitation source (SURELITE I-10 of Continuum, Santa Barbara, CA, USA), operating at 355 nm, ca. 50 mJ/pulse to give 10-ns pulses. The decay kinetics of the triplet state of ZnPC and AlPHCl was recorded at 480 and 490 nm, respectively -the triplet state absorbance maximum. Ten laser shots were averaged for each measurement. Decay profiles were fitted by an interactive nonlinear least-squares routine method using a data analysis software package from Edinburgh Instruments (Edinburgh, UK) on a personal computer.
Results and Discussion
Determination of the dimerization equilibrium constants
Like most phthalocyanines, ZnPC and AlPHCl are prone to aggregation. In aqueous solution, even the soluble phthalocyanines (tetrasulfonated) display a typically aggregated spectrum even at low concentrations. Previous studies with another soluble photosensitizer (bacteriochlorin a) in PBS revealed that this hydrophilic photosensitizer is strongly aggregated in its dimeric form with a K D estimated to be 10 6 M -1 (21) . In the present study, it was not possible to determine the K D of the drugs ZnPC and AlPHCl in aqueous solutions due to the lack of solubility in this medium. The solubilization of the drugs within DMPC liposomes induced dye monomerization and permitted us to evaluate the K D in DMPC medium.
The trend of the phthalocyanines ZnPC and AlPHCl to form aggregates and the equilibrium K D were analyzed and evaluated using absorbance spectroscopic analysis of the Q band at 673 nm. It was observed that, at least up to the concentration of 5.0 µM, the increase of absorbance with phthalocyanine concentration was linear in organic and liposomal medium (Figure 2 ). This behavior implies that, at least within this concentration range (0 to ca. 5.0 µM), these phthalocyanines are in the monomeric state, in agreement with the Beer-Lambert law. In contrast, the behavior observed in liposomal medium [ZnPC] M in the concentration range above 5.0 µM (5 to 15 µM) indicated that at higher concentrations a progressive change in the system occurred, indicating a typical aggregation process of the drugs. An example of the procedure for processing the data obtained is illustrated in Figure 2 for ZnPC. The points show the experimental results and were adjusted by nonlinear regression in the full concentration range studied (0 to 15.0 µM). The K D of ZnPC and AlPHCl in organic and liposomal medium obtained by nonlinear regression in the full concentration range studied (0 to 15.0 µM) are shown in Table 1 .
K D for photosensitizers such as porphyrins and phthalocyanines range from 10 4 to 10 7 M -1 and depend on the solvent and temperature (22) . The results obtained confirmed that K D strongly depend on the medium, since in liposome medium aggregation tends to be higher than in organic medium. In addition, the results indicate that the complexed metal ions zinc and aluminum do not interfere with the tendency to aggregate (same stability -same order of magnitude of K D values for both drugs, i.e., ZnPC and AlPHCl, in liposomal medium). We observed that the incorporation of the drugs into liposomes increased the K D by one order of magnitude. These results are in agreement with the behavior expected for phthalocyanines incorporated into liposomes. However, the increase of one order of magnitude in the K D of these phthalocyanines after their incorporation into liposomes is not a negative factor. A K D with an order of magnitude of 10 5 is not a high value for these types of drugs (18) . The advantage of the incorporation of these hydrophobic drugs into drug delivery systems such as liposomes is the increase in their solubility, permitting their systemic administration.
Fluorescence quenching studies
The locations of ZnPC and AlPHCl in DMPC liposomes mixed with cholesterol (50% DMPC, w/w) or cardiolipin (30% DMPC, w/w) were evaluated and compared with those obtained for the drugs incorporated into DMPC liposomes in the absence of these additives to assess how the distribution of the phthalocyanines and the interaction mode of the quenchers with them are affected by the physicochemical properties of the liposomes in the presence of the additives.
The quenching of ZnPC and AlPHCl by the quenchers was monitored by measuring the decrease in the emission intensity with excitation at 600 nm as a function of quencher concentration. Stern-Volmer plots were constructed from the relative integrated fluorescence intensity (640-750 nm). When ZnPC and AlPHCl were incorporated into DMPC liposomes in the presence and absence of additives at 25ºC, MV 2+ , AQS -, and AQDS 2-yielded linear fluorescence quenching plots. Table 2 shows the quenching parameters obtained in these studies.
The quenchers used in the present investigation did not penetrate the lipid bilayer and the quenching occurred by an electron transfer process (14) . According to Ford and Tollin (14) , in liposomal systems MV 2+ is oriented co-planar to the liposomal surface in order to maximize the contact between the polar and nonpolar parts of the quencher and the liposome. On the other hand, AQS -interacts perpendicularly to the bilayer surface, with the sulfonate group probably oriented in an opposite direction to the liposome. Thus, in liposomal systems MV 2+ interacts only with the drugs located in the outer part of the lipid bilayer, while AQS -and AQDS 2-interact with the drugs in both the inner and outer regions of the lipid bilayer. However, neither of these quenchers is able to diffuse into the lipid bilayer (quenching by an electron transfer process). Thus, the K SV values obtained for the quenching by MV 2+ belong to the drug population more exposed to the external medium, while K SV values obtained for anthraquinone-type quenchers represent the weighted average of the K SV 's of both classes of fluorophores (inner and outer).
The lower K SV values for MV 2+ compared with those for the anthraquinone quenchers (Table 2 ) in DMPC liposomes indicate that the drugs are incorporated into the bilayer structure, in the inner part of the liposomal structure, which lowers the accessibility of MV 2+ to these drugs. The results showed that AQS -and AQDS 2-interacted with ZnPC and AlPHCl in both the inner and outer lipid bilayers by an electron transfer process, although the efficiency of fluorescence quenching of the phthalocyanines by AQDS 2-was lower compared with AQS -, as suggested by the drop of the K SV values obtained for AQDS 2- (Table 2 ). In this case, the K SV values of AQDS 2-are related to the molecules of ZnPC and AlPHCl mainly located in the outermost regions of the lipid bilayer, and the efficiency of quenching was higher for AlPHCl than for ZnPC.
Different locations of the phthalocyanines in the lipid bilayer can be deduced from the changes in these K SV values under the same experimental conditions. The AQS -quencher was more efficient for both probes. However, AQDS 2-showed a higher quenching efficiency for AlPHCl than for ZnPC. These results indicate that AlPHCl was located closer to the bilayer/water interface than ZnPC. The K SV values for these compounds are in agreement with the values found for other photosensitizers in other drug delivery systems (23) .
In the liposomes containing additives, the fluorescence quenching of the phthalocyanines by MV 2+ was negligible. The efficiency of quenching by AQDS 2-in liposomal medium with additives was also lower than the efficiency of quenching with AQS -( Table 2 ). The presence of additives decreased the K SV for both drugs studied.
Clusters of cholesterol appear in vesicles at mol fractions above 0.67. Mol fractions higher than 0.5 of cholesterol are required for cluster formation with phosphatidylcholine (24) (25) (26) . When the cholesterol content exceeds the saturation limit in phospholipid membranes, crystalline cholesterol monohydrate forms (27, 28) . In general, for choline phospholipids the saturation limit is ≈50% cholesterol, although a higher solubility (65%) has been reported by Huang et al. (29) and a solubility higher than 60% was obtained by Guo and Hamilton (27) . In this way, the cholesterol concentration used in the experiments (50% of total lipid, w/w) does not exceed the saturation limit in phosphatidylcholine membranes and does not form crystalline cholesterol monohydrate.
In a membrane bilayer, cholesterol inserts normal to the plane of the bilayer, with its hydroxyl group in close vicinity to the phospholipid polar heads and its alkyl side chain extending towards the bilayer center. AlPHCl = chloroaluminum phthalocyanine; AQDS 2-= 9,10-anthraquinone-2,6-disulfonate; AQS -= 9,10-anthraquinone-2-sulfonate; K SV = Stern-Volmer quenching constant; MV 2+ = methylviologen; ZnPC = zinc phthalocyanine.
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Cholesterol is intercalated in the membrane parallel to the phospholipid hydrocarbon chains, and the phospholipid carbons at positions 2-10 have been estimated to lie in close proximity to the sterol tetracyclic ring structure (30, 31) . Although cholesterol can enhance lateral separation of lipids in bilayers consisting of a single lipid species, resulting in a higher water permeability in phosphatidylcholine bilayers and creating a cavity that was probably occupied by water molecules (32) (33) (34) , the phthalocyanines did not become more accessible to the quenchers located in the external medium, as can be seen in Table 2 (lower K SV values in the presence of cholesterol). Thus, the incorporation of cholesterol into liposomes caused a change in the distribution of the molecules of ZnPC and AlPHCl from the outer to the inner region of the lipid bilayer. This cholesterol-induced redistribution of ZnPC and AlPHCl may be correlated with a change in the distribution of cholesterol itself (32) (33) (34) . Above 30% DMPC (w/w), cholesterol preferentially dissolves in the inner lipid bilayer. When the liposomes contain equimolar amounts of phosphatidylcholine and cholesterol, the inner bilayer contains about 65% DMPC of cholesterol (w/w) and the external region of the bilayer contains about 40% DMPC (w/w) (32) (33) (34) . If the drugs had been located near the bilayer/water interface, they would have become more accessible to the water-soluble quenchers (outer location) in liposomes containing cholesterol than in liposomes without it (14) . Consequently, these results prove the inner location of the drugs in the lipid bilayer with cholesterol, and not available to the quenchers, since a drop in quenching efficiency was noted after the addition of the additive. Cardiolipin is found in the inner membrane of mitochondria (35) . The results with cardiolipin demonstrate that the insertion of this lipid into the bilayer shows the same behavior as observed for cholesterol. This suggests a preferential distribution of ZnPC and AlPHCl in cardiolipin-rich domains of the inner part of the lipid bilayer and its exclusion from DMPC-containing domains.
The results obtained here show that the additives cholesterol and cardiolipin promote a change of the drug molecules towards the inner part of the lipid bilayer, according to the lower K SV values obtained after the incorporation of the additives into the liposomes (Table 2 ), but ZnPC continues to be more internalized than AlPHCl (lower K SV values obtained for ZnPC when compared with those obtained for AlPHCl for the quenching by AQDS 2-) ( Table 2 ). The displacement of the drug molecules to the inner part of the lipid bilayer is probably related to their tendency to prefer hydrophobic environments.
Interaction of ZnPC and AlPHCl with bovine serum albumin in organic and liposomal medium
The interaction of serum albumin with phthalocyanines quenches the fluorescence of this protein, providing a means to assess binding quantitatively. The interaction between ZnPC and AlPHCl with BSA can be followed by fluorescence spectroscopy, as illustrated in Figure 3 . ZnPC and AlPHCl quench the fluorescence of BSA in proportion to the amount of drug added. The fluorescence intensity of BSA changes with the concentration of phthalocyanine in a way consistent with a reversible formation of a complex between BSA and the drugs.
The inset in Figure 4 provides a linear plot of F 0 /∆F versus 1/[P] for the binding of ZnPC-BSA, used for the determination of the fluorescence intensity of BSA saturated with the phthalocyanines (F ∞ ) ([P] = phthalocyanine concentration). As described in the experimental section, K diss was calculated from the slope and interception of the plot of log [(F 0 -F) (F -F ∞ )] versus log [P] (an example of such double-logarithmic plot obtained for ZnPC is given in Figure 4 ). In addition, the slope of the plot gives the number of the sites of the protein able to bind ZnPC and AlPHCl molecules.
The association constants obtained for the phthalocyanines studied are presented in Table 3 , together with the binding stoichiometry of the complex formed.
Previous studies have indicated that phthalocyanines without SO 3 -groups adjacent to iso-indole rings exhibit a high affinity binding site constant of 1-4 x 10 4 M -1 (36, 37) . Other studies (38) have reported mesoporphyrin IX and magnesium mesoporphyrin partitioning between liposome and serum albumin with K b of 2.5 x 10 7 M -1 and 1.7 x 10 7 M -1 . Our results agree with these data (Table 3 ).
The present results show that when phthalocyanines are incorporated into DMPC liposomes, their association with BSA is increased in comparison with organic medium. Calorimetric titration studies indicated the binding of empty liposomes to the albumin species. The albumin molecules from different species adsorb strongly to phosphatidylcholine liposomes due mainly to the action of hydrophobic dehydration forces and entropy gain (39) . In this way, the liposomes themselves increase the K b to BSA. The encapsulation of the drug in the liposomes increases the already high association of the liposome/drug complex with BSA. The presence of a strong binding site and several weaker sites was observed for ZnPC and AlPHCl incorporated into liposomes. The present results indicate that the association of the drugs with lipid-based delivery systems affects their interaction with serum albumin. Liposomes of DMPC increase the binding of ZnPC and AlPHCl to BSA, which should increase the selectivity of tumor targeting by these phthalocyanines, since BSA can deliver the bound drugs to the vascular stroma of the tumors (7).
Triplet state measurements
The triplet state properties of ZnPC and cardiolipin, and also serves to illustrate the triplet-triplet absorbance centered at 480 nm, together with the Soret and Q band ground state bleaches.
Triplet lifetimes (τ T ) were calculated from kinetic analysis of the transient decays, carried out using the fitting program of the apparatus itself and are shown in Table 4 .
The triplet state reacts with forms of molecular oxygen (O 2 ) by an energy transfer process leading to singlet oxygen that is the key agent in cell damage in PDT. Transient absorbance spectra for the drugs obtained by laser flash photolysis showed the presence of transient species, which decayed monoexponentially with the characteristic lifetimes shown in Table 4 . As a consequence of the incorporation, triplet lifetimes are increased in liposomes in comparison with homogeneous solution. The increase in the triplet lifetimes is attributed to the ability of the bulk aqueous phase to interact with the sensitizer at the binding site. Therefore, we conclude that the increase in the triplet state lifetimes of ZnPC and AlPHCl as a function of the addition of cholesterol and cardiolipin to liposomes results from a progressive reduction in the exposure of the sensitizer to the bulk aqueous phase, confirming the results obtained in the quenching studies. Under identical conditions, the maximum triplet lifetimes of ZnPC are shorter than those for AlPHCl, demonstrating that AlPHCl is more internalized than ZnPC.
The behavior observed in these studies implies that, at least up to ca. 5.0 µM, both phthalocyanines studied (ZnPC and AlPHCl) are in the monomeric state in both media (liposomal and organic), in agreement with the Beer-Lambert law. The increase of one order of magnitude in the dimerization constant of the phthalocyanines after their incorporation into liposomes does not rule out the use of this carrier, considering the increased solubility of the drugs after incorporation into the drug delivery system, allowing their systemic administration, and the increased AlPHCl = chloroaluminum phthalocyanine; DMPC = dimyristoyl phosphatidylcholine; K b = binding constant; N = number of binding sites; organic medium = pyridine for ZnPC and DMSO for AlPHCl; ZnPC = zinc phthalocyanine. The results of the present study also indicate that the distribution of ZnPC and AlPHCl in unilamellar DMPC liposomes is heterogeneous, with some predominant positions (Figure 6 ). In the presence of additives there is a shift of the drug molecules towards the inner part of the lipid bilayer. The results obtained indicated that AlPHCl and ZnPC are preferentially distributed in the inner part of the phospholipid bilayer of DMPC liposomes in the presence and absence of cholesterol (50% DMPC, w/w) and cardiolipin (30% DMPC, w/w). The increased internalization of the drugs in liposomes containing additives is a positive aspect, since in this way the drugs can be protected while they circulate in the bloodstream after systemic injection.
Silicon (IV) phthalocyanine, the first phthalocyanine approved by the FDA for clinical trials, has the highest potential of this class of drugs for PDT (40) . However, silicon (IV) phthalocyanine needs to be used in a Cremophor emulsion, a fact that is an obstacle to the generalized use of this drug. Cremophor has been used clinically for the delivery of hydrophobic drugs. The possibility of the use of hydrophobic phthalocyanines such as ZnPC and AlPHCl encapsulated in liposomes that act as a drug delivery system, maintaining all the basic photophysical and photochemical properties of the sensitizers, is an important result, since the liposomal vehicle is more economically viable than Cremophor. Thus, our results confirm the hypothesis that the liposomal medium represents an excellent vehicle for the administration of these drugs in biological systems, making liposomal ZnPC and AlPHCl promising candidates for PDT from the photophysical point of view. 
